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INTRODUCTION

This Project Sumary report summarizes achievements made under NASA grants NAG5-11629.
The next section describes our research program, and summarizes our findings. Our specific

achievements over the last year are described in the following section.

RESEARCH INVESTIGATIONS

Over the past couple of years, with support from NASA, we used a large collection of data from
GPS, VLBI, SLR, and DORIS networks which span the Western U.S. Cordillera (WUSC) to

precisely quantify present-day large-scale crustal deformations in a single uniform reference frame.
Our work was roughly divided into an analysis of these space geodetic observations to infer the
deformation field across and within the entire plate boundary zone, and an investigation of the

implications of this deformation field regarding plate boundary dynamics. Following the
determination of the first generation WUSC velocity solution, we placed high priority on the
dissemination of the velocity estimates. With in-kind support from the Smithsonian Astrophysical
Observatory, we constructed a web-site which allows anyone to access the data, and to determine
their own velocity reference frame [see http://cfa-www.harvard.edu/spacegeodesy/WUSC/]. Our
velocity solution was used in several recent investigations of the southwestern U.S. [Bennett et al.,
1999; Shen-Tu et al., 1999; Flesch et al., 2000; Kreemer et al., 2000; Wernicke et al., 2000; Bennett
et al., 2002a; Friedrich et al., 2002; Niemi et al., 2002; Melbourne and Helmburger, 2002; Silver and

Holt, 2002; Bennett et al., 2002b]. This solution was also used as a "proof of concept" for the

viability of PBO [see Fig. 2 of Silver et al., 1998].

The Bennett et al. [1999] results confirmed a number of features previously observed through

independent local and very sparse space geodetic studies, including a dominant pattern of fight-
lateral shear associated with the San Andreas fault, rates of the western-most sites of 46-48 mm/yr
relative to a North America reference frame, and some 11-13 mrn/yr of extension and shear east of
the Sierra Nevada in the Basin and Range Province north of latitude 36N. To the south of 36N, the
solution indicated that the southernmost San Andreas fault system accommodates effectively all

interplate motion, and that the southern Basin and Range is not deforming significantly. At latitude
37N, the eastern California shear zone (ECSZ) exhibited simple shear oriented ~N40W relative to
North America, with a fairly well defined transition zone from localized shear to diffuse spreading
in the Basin and Range. Bennett et al. [1999] also reported that the ECSZ-Basin and Range
transition region involved a significant component of contraction normal to the overall shear zone
trend, with sites in the central Great Basin converging on the ECSZ at a few mm/yr. The orientation
of the convergence is in reasonable accord with the Late Cenozoic geologic history of the Death

Valley region, which contains numerous northwest-trending folds and other indicators of northeast
contraction.

One of our major objectives was to compare estimates of crustal deformation obtained from geol-
ogy, historical seismicity, and geodesy. These types of data are essential in developing realistic
models of seismic hazard, and in linking short-time-scale observations with longer-term geologic
processes. Earlier investigations [e.g., Bennett et al., 1998] had suggested, based on the accuracy
of the velocity estimates at that time, that contemporary Basin and Range deformation is slow and
broadly distributed, rather than being concentrated in the relatively narrow zones of historical
earthquakes near the margins of the province. As the accuracy of our results improved, deviations
from the average strain-rate model became significant. The largest of these, and the most difficult to
explain, was a baseline in north-central Nevada indicating rapid, range-normal crustal shortening at
a rate of 2-3 mm/yr in an area where the geology indicates range-normal crustal extension via late
Holocene normal faulting [Wernicke et al., 2000]. The disagreement in sign of the geologic velocity
field demonstrated that "non-Reidian" behavior may be widespread and detectable using
continuous GPS. Wernicke et al. [2000] explored the implications of the conflicting geodetic and

geologic data. We found that one possible explanation is that the region of shortening represents



thecontractilesideof a slowlyeast-propagatingdeformationpulsegeneratedbythe 1915Pleasant
Valleyand1954DixieValleyandFairviewPeakearthquakes.Suchpulses,whicharetransient
effectsnotrecordedby faulting,arepredictedby abroadclassof physicalmodels.

These"ratedebate"issueswerefurtherexploredin theWasatchregionalongtheeastemmargin
of theBasinandRange.Heretherearenosigndifferencesbetweengeologicandgeodeticvelocity
fields,butbotharenowwellenoughdeterminedto permitameaningfulquantitativecomparison
[Friedrichet al.,2002].Wecomparedpresent-daydeformationratesobtainedfrom spacegeodesy
with geologicdisplacementratesoverat leastfour temporalwindows,rangingfromthelast
millenniumupto 10Myr, for theWasatchfaultandadjacentfaultzones. This strainrateacross
thisregionis2-3 timeshigherthantheaveragecontemporarystrainrateacrosstheentireprovince,
andcoincideswith thelocationof theWasatch,Oquirrh,andStansburynormalfaults.Thevertical
componentof thedisplacementrateon theWasatchfault since10Ma were1.0-1.4mrn/yrfrom 10
to 6 Ma,slowingto 0.2-0.3mm/yraveragedoverthepast6 Ma.AveragedovertheHolocenethe
rateis 1.5-2.0mrn/yr,but< 0.6mm/yraveragedoverthelatePleistocene.Thecumulativevertical
displacementrecordacrossall threefaultsalsoshowstime-variablestrainreleaseratesrangingfrom
2-4mm/yroverthepast10kato < 1mm/yr averagedoverthepast130ka.To beconsistentwith
theapparentchangefromPleistoceneto Holocenetime,conventionalearthquakerecurrencemodels
wouldrequireanaccordinglylargevariationin strainaccumulationor loadingrateona 10kyr time
scale,for whichthereappearsto benoobviousgeophysicalexplanation.Rather,clusteringon the
10ka timescalewouldlikelyresultfrom complexitiesin frictionalfailure lawswith relatively
constantloading,implyinghighHolocenestrainreleaseratesandcomparativelylow,uniformstrain
accumulationrateson the100katimescale.If so,measurementsof strainaccumulationandstrain
releasemaybestronglytime-scaledependentfor anygivenfaultsystem,andthusfaultoffset
historyandgeodeticstrainmayin generalnotagree. In Niemiet al. [2001],we investigated
whethertheobservedpatternof broadlydistributedstraincould,in fact,bedueto localized
deformationonasmallnumberof faults,ashadbeensuggestedearlierby Thatcheret al. [ t 999]
basedonmodelingof campaign-moderesultsacrosstheBasinandRange.By compilingknown
lateQuaternaryslip ratesonnormalfaultsacrosstheregion,wefoundthatbothfaultslip and
loadingmayberelativelyevenlydistributedon faultsthroughoutthenorthernBasinandRange.

In Dixonetal. [2002]wealsoexploredthesensitivityof fault slipinferrencesbasedongeodetic
datato themodelsfor strainaccumulationused. Wecomparedelasticfault-blockmodelsto more
generaldescriptionsthatincludedtheeffectsof complexcrustalandlithosphericrheologiesandthe
earthquakecycle. Theseinvestigationsledto anexplorationof therelativestrengthsof old (Agua
Blanca)andyoung(SanMiguel-Vallacitos)faults. Wefoundthatmisalignmentof theolderAgua
Blancafaultwith Pacific-NorthAmericarelativeplatemotionwouldtendto inhibit slip onthis fault
unlessit weresignificantlyweaker thantheyoungerSanMiguel-Vallacitosfault.

In Bennettetal. [2002a],weprovidedanupdatedanalysisof velocitydatafor theWUSCregion,
includingajoint analysisof GPS,VLBI, SLR,andDORISdatasets. Weexploredthesensitivity
of theplateboundarydeformationfield to theanalysistechniquethatweadoptedto combinethese
datasets.In Bennettet al. [2002b],weagainupdatedtheWUSCvelocitysolutionby adding
severalcampaignGPSdatasetsthatwerepreviouslynotused. Weusedthisupdatedvelocityfield
toestimatetherelativemotionsof theColoradoPlateau(CP),SierraNevada-GreatValley(SNGV)
microplate,andthecentralGreatBasin(CGB) usingGPSdata.SNGV-CPmotionis 11.4+-0.3
mm/yr,N47W,whereasSNGV-NorthAmerica(NA) motionis ~12.4mm/yr,N47W,slowerthan
previousgeodeticestimates,and-7 counterclockwisefrom Pacific(P)-NAmotion.CGB-CP
motionis 2.8+-0.2mm/yr,N84+-5W,consistentwith roughlyeast-westextensionwithin the
easternGreatBasin(EGB).VelocityestimatesfromtheEGBrevealdiffuseextension,withmore
rapidextensionof 20+-1nstr/yrconcentratedin theeasternhalfwhichincludestheWasatchfault
zone,asreportedby Friedrichet al. [2001].SNGV-CGBmotionis9.3+-0.2mm/yr,N37+-2W,
essentiallyparallelto P-NAmotion.Ourestimateis significantlyslowerthanpreviousgeodetic
estimatesfor thewesternGreatBasin(WGB), butgenerallyconsistentwith paleoseismological



inferences. The WGB region accommodates N37W directed right-lateral shear at rates of (1) 57+-

9 nstr/yr across a zone of width -125 km in the south (latitude ~36N), (2) 25+-5 nstr/yr in the

central region (latitude ~38N), and (3) 36+-1 nstr/yr across a zone of width -300 km in the north

(latitude ~40N). We found that average extension in the direction of WGB shear is 8.6+-0.5

nstr/yr, comparable to average east-west extension of 10+-1 nstr/yr across the northern Basin and

Range, but implying a different mechanism of extension. We also found that an alternative model

for shear-parallel deformation, in which extension is accommodated across a narrow, more rapidly

extending zone which coincides with the central Nevada seismic belt, fits the data slightly better.

NEW ACHIEVEMENTS

The majority of our effort, during this past funding cycle, was to publish new results from two

distinct previously NASA supported projects. These include Bennett et al. [2002a], Bennett et al.
[2002b], Johansson et al. [2002], Schernick et al. [2002], and Wahl- and Davis [2002]. We list all

publications that have resulted from this research below.

There have been no reportable inventions or new technology under this grant.
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